Background-Heart failure (HF) prevention strategies require biomarkers that identify disease manifestation. Increases in B-type natriuretic peptide (BNP) correlate with increased risk of cardiovascular events and HF development. We hypothesize that coronary sinus serum from a high BNP hypertensive population reflects an active pathological process and can be used for biomarker exploration. Our aim was to discover differentially expressed disease-associated proteins that identify patients with ventricular dysfunction and HF. Methods and Results-Coronary sinus serum from 11 asymptomatic, hypertensive patients underwent quantitative differential protein expression analysis by 2-dimensional difference gel electrophoresis. Proteins were identified using mass spectrometry and then studied by enzyme-linked immunosorbent assay in sera from 40 asymptomatic, hypertensive patients and 105 patients across the spectrum of ventricular dysfunction (32 asymptomatic left ventricular diastolic dysfunction, 26 diastolic HF, and 47 systolic HF patients). Leucine-rich ␣2-glycoprotein (LRG) was consistently overexpressed in high BNP serum. LRG levels correlate significantly with BNP in hypertensive, asymptomatic left ventricular diastolic dysfunction, diastolic HF, and systolic HF patient groups (PՅ0.05). LRG levels were able to identify HF independent of BNP. LRG correlates with coronary sinus serum levels of tumor necrosis factor-␣ (Pϭ0.009) and interleukin-6 (Pϭ0.021). LRG is expressed in myocardial tissue and correlates with transforming growth factor-␤R1 (PϽ0.001) and ␣-smooth muscle actin (Pϭ0.025) expression. Conclusions-LRG was identified as a serum biomarker that accurately identifies patients with HF. Multivariable modeling confirmed that LRG is a stronger identifier of HF than BNP and this is independent of age, sex, creatinine, ischemia, ␤-blocker therapy, and BNP. (Circ Heart Fail. 2011;4:188-197.) 
A lthough therapies for heart failure (HF) have improved, it is clear that effective prevention strategies will have the most important impact on the concerning epidemiology of this syndrome. In this regard, it is essential to complement effective risk factor control with the earliest possible identification of those at risk for progressive ventricular dysfunction and HF. Hypertensive heart disease (HHD) is a welldescribed example of progressive ventricular dysfunction. Currently, it is not known why a certain proportion of patients with hypertension develop diastolic dysfunction (DD) and others do not. Furthermore, the early diagnosis of the transition to HF is critical and can be clinically challenging. A better understanding of the pathophysiological signals at play may allow for more precise diagnostic tests to define the onset of HF. This natural history is not simply explained by the degree of blood pressure control and probably involves complex disease mechanisms still not fully understood. The ability to identify which asymptomatic hypertensive patients will acquire a more detrimental disease phenotype would have a significant impact on treatment strategies and disease monitoring for this prevalent and important disease.
Clinical Perspective on p 197
B-type natriuretic peptide(s) (BNP) have been shown by us and others to effectively identify various stages of DD in HHD and also to be of prognostic importance in established HF. [1] [2] [3] [4] [5] [6] [7] On the basis of the current literature on BNP, we hypothesize that elevated levels of this peptide in a hypertensive population identifies a more concerning natural history and that analysis of coronary sinus (CS) serum in this population may provide further insight into early disease recognition, disease stimuli, and potential therapeutic interventions. We sought to develop this hypothesis by examining the CS serum proteome of a subset of asymptomatic hypertensive patients that were stratified according to BNP levels. The method chosen was 2-dimensional difference gel electrophoresis (2D-DIGE) because of its quantification strengths and proven success in small discovery cohorts. 8, 9 Two dimensional DIGE is also capable of indicating posttranslational modifications based on isoelectric point shifting. This screening tool that facilitates the dissection of the serum proteome 10 identified leucine-rich ␣2-glycoprotein (LRG) as being overexpressed in asymptomatic patients with elevated BNP, who are at risk of development of HF.
LRG was identified in 1977 as a trace component of human serum, 11 and resolution of the primary structure in 1985 indicated that it existed as a single polypeptide chain of approximately 45 kDa. 12 The precise function of LRG has yet to be defined, but evidence to date suggests that it is associated with inflammatory responses and neutrophilic differentiation [13] [14] [15] [16] [17] as well as cellular responses to the profibrotic cytokine transforming growth factor (TGF)-␤. 18, 19 A growing body of data suggests that myocardial fibrosis is a central abnormality in the pathogenesis of HHD, DD, and the development of HF. 20 -22 The factors driving myocardial fibrosis are yet to be fully elucidated but probably involve an exaggerated inflammatory response. The potential biological role of LRG in these processes prompted us to investigate the diagnostic utility of LRG across the spectrum of ventricular dysfunction and HF.
Methods

Patient Recruitment and Sample Collection
Patients
All subjects gave written informed consent to participate in the study. The Ethics Committee at St Vincent's University Hospital approved the study protocols, which conformed to the principles of the Helsinki Declaration. The study populations reported consist of 145 white patients divided into 4 subgroups: asymptomatic hypertension (nϭ40) ( Table 1) , asymptomatic left ventricular diastolic dysfunction (LVDD) (nϭ32), diastolic HF (DHF) (nϭ26), and systolic HF (SHF) (nϭ47) ( Table 2) ; cardiac biopsies were taken from 40 patients undergoing heart surgery. The initial discovery phase of the study used the asymptomatic hypertensive patients. The remaining patient cohorts, LVDD, DHF, and SHF, were used in the validation arm of the study. These various cohorts represent the different phases of the natural history of hypertensive heart disease.
Asymptomatic, hypertensive patients had normal systolic function with left ventricular ejection fraction Ն50%. Patients in the LVDD group had Doppler echocardiographic evidence of DD but exhibited no clinical symptoms of HF. The diagnosis of DHF was based on the presence of all of the following criteria: 1 hospitalization for proven New York Heart Association (NYHA) class IV HF (confirmed by a consultant cardiologist) and continued symptoms of at least NYHA class II and left ventricular ejection fraction Ն45% with Doppler echocardiographic abnormalities of DD without significant evidence of valvular disease. The diagnosis of SHF was based on symptoms and clinical signs of HF and left ventricular ejection fraction Յ45%.
Exclusion criteria included patients with unstable symptoms of HF, those with renal insufficiency (serum creatinine Ͼ200 mol/L), and those with clinical evidence of infection. Patients who underwent recent surgery or had recent physical trauma (Ͻ6 months) were also excluded. All patients underwent appropriate clinical and laboratory evaluation to identify exclusion criteria and suitability for this study.
Doppler Echocardiography
Doppler echocardiography assessment was performed by a singleblinded operator according to the guidelines laid down by the American Society of Echocardiography. Restrictive-like filling patterns are severe forms of diastolic dysfunction and are defined from Doppler echocardiographic indices as deceleration time Ͻ160 ms with Ն1 of the following: left atrial size Ͼ5 cm, E/A ratio Ͼ1.5, and intraventricular relaxation time Ͻ70 ms.
CS and Peripheral Blood Sampling
CS sampling was performed in the asymptomatic hypertensive population during routine clinically indicated cardiac catheterization for suspected ischemic chest pain. These patients did not have unstable angina. Peripheral venous blood samples were obtained during clinical assessment. Serum samples were obtained after centrifugation at 2500 g for 10 minutes at 4°C. Samples were aliquoted and stored at Ϫ80°C until required. All steps from collection to storage were carried out at 4°C when possible and within a time frame of Ͻ30 minutes. Each serum sample underwent no more than 3 freeze/thaw cycles before analysis. Data are presented as meanϮSD or median (interquartile range) unless otherwise specified.
BMI indicates body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; WCC, white cell count; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Tg, triglycerides; and ACE, angiotensin-converting enzyme.
*Elevated BNP Ͼ100 pg/mL.
Two-Dimensional DIGE
A full description of the proteomic work flow is given in the online-only Data Supplement file. Briefly, CS serum from 11 asymptomatic, hypertensive patients (BNP Ͻ100 pg/mL, nϭ5; BNP Ն100 pg/mL, nϭ6) underwent affinity depletion of the 6 most abundant proteins (albumin, immunoglobulin G, immunoglobulin A, transferrin, haptoglobin, and ␣ 1 -antitrypsin) using a MARS-Hu6 high-performance liquid chromatography immunoaffinity column (Agilent Technologies). Quantitative differential protein expression analysis was carried out using 2D-DIGE, based on the labeling of sample proteins using fluorescent CyDye reagents. Each depleted serum sample was labeled with Cy5. A pooled serum standard was generated and labeled with Cy3 and was included in each 2D-DIGE run as a reference. Differentially expressed proteins were identified after image scanning and quantitative computer image analysis (Progenesis SameSpots, Nonlinear Dynamics). Selected protein spots that were significantly different between the 2 groups were isolated from silver stained gels then trypsin digested before identification by mass spectrometry.
Serum Biomarker Assessment
BNP was quantified using a Triage meter BNP assay (Biosite Inc). Serum levels of LRG were quantified using a Human LRG Assay Kit (IBL) according to the manufacturer's instructions. The inflammatory cytokines interleukin (IL)-6 and tumor necrosis factor (TNF)-␣ were quantified in the CS serum using an ultrasensitive immunoassay with electrochemiluminescence detection (Meso Scale Discov-ery), as instructed by the manufacturer. Additional information on these assays and their performances are detailed in the online-only Data Supplement.
Quantitative Real-Time Polymerase Chain Reaction Analysis
Total RNA was isolated from human primary coronary artery endothelial (HCAEC) cells (Promocell) and human primary ventricular cardiac fibroblasts (HVCF) (ScienCell Research Laboratories), using a NucleoSpin RNA II Kit (Macherey-Nagel) according to the manufacturer's instructions. HCAEC cells were confirmed by the supplier to be von Willebrand factor positive, CD31 positive, Dil-Ac-LDL uptake positive, and ␣-smooth muscle actin negative; HVCF cells were shown to be fibronectin positive. Right atrial tissue was collected from patients with multivessel ischemic heart disease undergoing coronary artery bypass surgery. Immediately after biopsy collection, the tissue was stored in Allprotect Tissue Reagent (Qiagen) and RNA was subsequently isolated using AllPrep DNA/RNA Mini-Kit (Qiagen) according to the manufacturer's instructions. RNA (600 ng) was reverse-transcribed using SuperScript II RT (Invitrogen) before quantitative real-time polymerase chain reaction performed as previously described. 23 Gene-specific primers used are as follows: LRG, 5Ј-GTCCTCTTGGAGCAGACAGC-3Ј (forward),5Ј-AGGTGGTTGACAGGAGATGG-3Ј(reverse);TGF-␤R1, 5Ј-ATTGCTGGACCAGTGTGCTT-3Ј (forward), 5Ј-AAA-CCTGAGCCAGAACCTGA-3Ј (reverse); ␣-smooth muscle actin (ASMA), 5Ј-CGTTACTACTGCTGAGCGTGA-3Ј (forward), 5Ј-AACGTTCATTTCCGATGGTG-3Ј (reverse); and the housekeeping gene glyceraldehyde-3-phosphate dehydrogenase, 5Ј-ACAGTCAGC-CGCATCTTCTT-3Ј (forward), 5Ј-ACGACCAAATCCGTTGACTC-3Ј (reverse). The samples were quantified using the delta computed tomography method. Samples were electrophoresed on a 2% polyacrylamide gel using SybrSafe (Invitrogen) for visualization.
Immunohistochemical Analysis of LRG
For the purpose of immunohistochemical detection and localization of LRG protein within the myocardium, 3 right atrial tissue samples were collected from patients with multivessel ischemic heart disease undergoing coronary artery bypass surgery. Tissue specimens were immediately washed in PBS and fixed in 10% formalin, followed by paraffin embedding. Tissue sections (5 m) were treated with 0.01 mol/L citrate buffer at pH 6 for 20 minutes at 95°C before incubation with a rabbit anti-LRG polyclonal antibody (Atlas Antibodies) or the corresponding immunoglobulin G control at an equivalent concentration. Immunoreactivity was detected with EnVision (Dako). In addition, tissue sections were stained with hematoxylin and eosin for morphological assessment of the cardiac tissue. Slides were imaged using the Aperio ScanScope digital scanner and visualized using VisionScope V10 (Aperio Technologies).
Statistical Analysis
Differences in 2D-DIGE spot volumes between low and high BNP groups were determined using the Student t test, with probability values Յ0.05 considered statistically significant. For continuous variables, summary statistics are presented as the meanϮSD or median and 25th to 75th percentiles. Categorical variables are presented as frequencies and percentages (in parenthesis). Comparisons between the normal and elevated BNP groups were made using an independent t test, Wilcoxon rank-sum test, or 2 test where appropriate. The relationship between BNP and LRG was assessed using the Pearson correlation coefficient for variables that were approximately normally distributed and using log-transformation of variables with nonnormal distribution. Spearman rank-order correlation was used for analysis of nonnormal tissue gene expression data. Receiver operating characteristic (ROC) curves were plotted to assess the usefulness of LRG and BNP in identifying restrictive-like filling patterns and DHF in patients without SHF. Furthermore, we examined the ability of LRG and BNP to identify any HF from non-HF patients. Univariable and multivariable analyses were conducted using binary logistic regression to determine the ability of LRG to identify the presence of restrictive-like filling patterns or HF as the outcome variables. For multivariable analysis, the probability value of the partial likelihood ratio test was used to confirm if a covariate was significant and the coefficients of the remaining variables were assessed to determine if important (Ͼ20%) changes had occurred on variable exclusion. All statistical calculations were performed using SPSS V.16 software.
Results
Proteomic Analysis of CS Sera in Asymptomatic, Hypertensive Patients With High and Low BNP
Comparison of the CS serum proteome of 11 asymptomatic hypertensive patients using 2D-DIGE and quantitative computer image analysis of 3D spot volumes revealed 949 different protein spots on the 2D gels, of which 117 were differentially expressed. Two neighboring protein spots, Spot ID-0416 and Spot ID-0442, were differentially expressed in high BNP serum by 1.8-and 2.1-fold, respectively (PϽ0.05). The protein spots were excised from the 2D gels and identified using mass spectrometry as LRG (isoelectric point, 6.5; molecular weight, 38154.13 Da) ( Figure 1A) . The 3 adjacent spots that were not differentially expressed (Spots 3, 4, and 5, Figure 1A ) but were in the same row as the differentially expressed LRG spots were also identified. These 3 neighboring spots were also found to be LRG. This train of LRG spots (Spots 1 to 5) represents variants of LRG based on the different migratory patterns through the 2D gels. The existence of LRG variants is potentially explained by posttranslational glycosylation. 24 Pooling of the 3D spots volumes from the 2 differentially expressed LRG variants revealed a significant 2-fold increase in the high BNP group (online-only Data Supplement Figure 1 ).The potential biological role of LRG prompted our focus on this protein. We verified our 2D-DIGE observation in the 11 asymptomatic hypertensive patients using an enzyme-linked immunosorbent assay (ELISA) (PϽ0.05) ( Figure 1B) . We further examined CS serum levels of LRG in an expanded cohort totaling 40 asymptomatic hypertensive patients ( Table 1 ). We found that LRG levels significantly correlated with CS BNP levels (rϭ0.32, PϽ0.05), suggesting that LRG is associated with patients at risk of development of DD and HF ( Figure  1C ). Serum LRG levels were not associated with the extent of coronary artery disease, as shown by angiography (onlineonly Data Supplement Figure 2 ).
Quantification of LRG Levels Across the Spectrum of Ventricular Dysfunction
Serum levels of LRG were further quantified in additional patient cohorts across the spectrum of asymptomatic LVDD, DHF, and SHF ( Table 2 ). LRG levels within the peripheral serum significantly correlated with BNP levels (rϭ0.47, PϽ0.001) (Figure 2A) . A significant incremental increase in serum LRG levels was detected between asymptomatic LVDD and DHF (PϽ0.05), asymptomatic LVDD and SHF (PϽ0.001), and DHF and SHF (PϽ0.01) ( Figure 2B ). Serum LRG correlated with echocardiography parameters. When asymptomatic hypertensive patients, asymptomatic LVDD patients, DHF patients, and SHF patients were analyzed collectively, it was found that LRG significantly correlated with left ventricular mass index (rϭ0.32, PϽ0.001; onlineonly Data Supplement Figure 2 ).
LRG Identifying Restrictive-Like Filling Patterns and HF
ROC curve analyses showed that LRG and BNP were able to significantly identify patients with restrictive-like filling patterns (nϭ15 versus nϭ83 normal or mild/moderate diastolic dysfunction; area under the curve [AUC], 0.82, 0.85, respectively; both PϽ0.001) and DHF (nϭ26 DHF versus nϭ72 no-HF; AUC, 0.87, 0.81, respectively, both PϽ0.001). Furthermore, both LRG and BNP were useful in identifying any HF in the data set (nϭ73 HF versus nϭ72 no-HF; AUC, 0.86, 0.85, respectively; both PϽ0.001, Figure 2C ). Multivariable analysis showed that LRG ability to identify any HF is independent of age, sex, creatinine, and BNP (adjusted hazard ratio, 1.460; 95% confidence interval, 1.183 to 1.801; PϽ0.0001). In this model, BNP was not able to discriminate the HF population from the no-HF population (adjusted hazard ratio, 1.003; 95% confidence interval, 0.999 to 1.006; Pϭ0.171). Importantly, LRG continued to be able to significantly identify HF when the multivariable analysis was further adjusted for beta blocker usage and ischemic events (adjusted hazard ratio, 1.755; 95% confidence interval, 1.022 to 3.013; PϽ0.05).
Relationship Between LRG and Inflammation
CS serum levels of LRG significantly correlated with the inflammatory cytokines TNF-␣ (rϭ0.44, Pϭ0.009) and IL-6 (rϭ0.38, Pϭ0.021) in an asymptomatic hypertensive population ( Figure 3A ).
Relationship Between Cardiac Tissue LRG and Expression of Fibrogenic Genes
Polymerase chain reaction analysis of LRG expression was assessed in commercially available human primary cells that originated from cardiac tissue, right atrial biopsy tissue samples, and human primary neutrophils. In vitro evidence of LRG mRNA production was detected in primary HCAEC and VHCF ( Figure 3B ). Evidence of myocardial tissue being a potential source of LRG was also confirmed ( Figure 3B ). The relationship between cardiac tissue LRG, TGF-␤ receptor, and the myofibroblast-related gene ASMA was assessed in 40 right atrial tissue samples using quantitative real-time polymerase chain reaction. Cardiac tissue LRG significantly correlated with both TGF-␤ receptors (rϭ0.61, PϽ0.001) and ASMA (rϭ0.36, Pϭ0.025) ( Figure 3C ). Confirmatory evidence of LRG protein being localized within the myocardium is highlighted in Figure  3E . Examination of 3 cardiac biopsies revealed that cardiac myocytes, which are apparent as the largest cell type within the Figure 1 . Differential expression of LRG in asymptomatic, hypertensive patients. A, Two-dimensional DIGE gel highlighting the differentially expressed protein spots ID 0416 and ID 0442 (spot 1 and spot 2, respectively), later identified using mass spectrometry as LRG. Protein spots 3, 4, and 5 were also discovered to be LRG but were not differentially expressed between the 2 groups. B, Verification of increased CS LRG in patients with elevated BNP (nϭ6; range, 11.3 to 28.1 g/mL) versus low BNP (nϭ5, range 9.5 to 17.0 g/mL) in the samples analyzed with 2D-DIGE, using an LRG-specific ELISA. C, Relationship between CS levels of LRG (nϭ40; range, 6.1 to 28.1) and BNP in asymptomatic, hypertensive patients using an ELISA-based approach.
tissue section, exhibited positive immunostaining for LRG. The distribution and intensity of LRG within the myocytes was varied, with specific cytoplasmic and membranous expression detected. Cardiac fibroblasts, the more numerous but smaller cell type within the heart, exhibiting elongated nuclei, are also evident within Figure 3E , and appear to be negative for LRG protein expression.
Discussion
Natriuretic peptides have been shown by us and others to effectively identify various stages of DD in HHD and also to be of prognostic importance in established HF. [1] [2] [3] [4] [5] [6] [7] Using BNP to stratify a population of asymptomatic hypertensive patients, we sought to identify novel biomarkers that may represent evidence of early myocardial injury, which, in addition, may provide insight into disease pathogenesis, susceptibility to the develop-ment of ventricular dysfunction, and potentially guide novel diagnostic and therapeutic strategies. Two-dimensional DIGE analysis of CS serum followed by mass spectrometry revealed exaggerated expression of LRG in patients with elevated BNP (Ն100 pg/mL). LRG-specific ELISA validated this finding in CS sera of asymptomatic hypertensive patients. We further examined CS serum levels of LRG in an expanded cohort totaling 40 asymptomatic hypertensive patients and found that LRG levels significantly correlated with CS BNP levels. In this patient cohort, LRG was also found to correlate with expression of the inflammatory cytokines IL-6 and TNF-␣. LRG mRNA expression was confirmed in human primary cardiac fibroblasts, primary coronary artery endothelium, and cardiac tissue biopsy samples. Correlation of LRG mRNA with TGF-␤R1 and ASMA expression in myocardial tissue suggests a link to fibrogenic pathways. Immunohistochemistry confirmed that LRG protein TNF-␣ range, 2.0 to 5.9; IL-6 range, 0.7 to 9.5) using an ELISA approach. B, Evidence of LRG mRNA expression in 4 atrial cardiac tissue samples, primary HCAEC, primary HVCF, and neutrophils that served as a positive control, as indicated by reverse transcriptasepolymerase chain reaction analysis. C, Correlation between LRG and TGF-␤R1 and ␣-ASMA cardiac tissue mRNA (nϭ40). Representative image of right atrial biopsy tissue was used in this study. D, Tissue was stained with hematoxylin and eosin for morphological assessment. E, Immunohistochemical evidence of LRG protein expression within myocardial tissue. Cardiac myocytes (examples indicated with purple arrows) exhibited positive membranous (black arrow) and cytoplasmic immunostaining (gray arrow). Cardiac fibroblast cells (examples indicated with green arrows) appear to be negative for LRG protein expression, as indicated by immunohistochemistry. Images presented are original magnification ϫ20 and ϫ40.
was expressed within human myocardial tissue and suggests that cardiac myocytes are the primary tissue source. Further analysis of peripheral serum from an asymptomatic LVDD, DHF, and SHF patient cohort identified LRG as a potential novel biomarker of early and sustained ventricular dysfunction and HF. This observation is supported by ROC curve analysis showing the ability of LRG to significantly identify restrictive filling patterns and HF. In addition, multivariable modeling in this cohort shows that LRG is a stronger indicator of HF than BNP, and this is independent of age, sex, creatinine, ischemia, ␤-blocker therapy, and BNP. These data suggest that LRG may be a valuable marker of ventricular dysfunction from its earliest stage and may add to our ability to diagnose and monitor patients with HF. Furthermore, with its links to inflammation and fibrogenic pathways, LRG may provide insight into the pathogenesis of this syndrome.
Although there are no data to date to indicate the precise function of LRG, the presence of a leucine at every 7th position in segments of this protein suggest the possibility of forming a leucine-zipper structure, 12 which has been implicated in protein-DNA and protein-protein interaction. Also, LRG has been shown to be associated with neutrophilic differentiation 14, 15 and prevention of lymphocyte apoptosis, 17 whereas in hepatoma cell lines, LRG expression has been shown to be associated with increased susceptibility to TGF-induced growth suppression. 18 Some evidence suggests that LRG may be an acute phase protein. For example, its expression is induced synergistically by IL-6 and TNF in hepatocytes. 13 Mass spectrometry analysis of urine from acute pediatric appendicitis patients has recently identified LRG as a potential biomarker that correlates with the severity of appendicitis. 25 Further, a 9.5-fold enrichment in LRG was shown in diseased appendices, which was accompanied by an 11-fold enrichment in TGF-␤R 2 . Although immunostaining localized LRG to neutrophilic focal lesions in diseased appendices, the association with TGF-␤R 2 implies a potential overlap with TGF-driven repair mechanisms.
TGF-␤-induced fibrogenic responses require dimerization of TGF-␤R 2 with TGF-␤R1 to enable signal transduction and downstream activation of the SMAD2/3 pathway. 26 In support of a role of LRG in cardiac fibrosis, we have provided evidence of LRG protein expression within the myocardium. We have also demonstrated a positive correlation between LRG and TGF-␤R1 gene expression. The association between LRG and TGF-induced fibrogenic pathways is further supported by a positive correlation between LRG and ASMA gene expression in myocardial tissue. Given that inflammation potentially drives myocardial injury and precedes the development of fibrosis, it is noteworthy that LRG serum levels were found to correlate with those of IL-6 and TNF-␣ in asymptomatic, hypertensive patients.
The association between LRG and inflammation as well as echocardiographic parameters of cardiac structure (left ventricular mass index) may reflect a role for LRG in the myocardial response to early injury and the initiation of tissue repair processes. It is the downstream effects of inflammation that probably initiate interstitial disease within the myocardium, which we and others have shown to be a critical pathophysio- logical process in the development of DD. Indeed, it may be that this proposed inflammatory stimulus may help explain the natriuretic response seen in these patients. As a cardioprotective protein, BNP probably represents a response to early injury.
Our data also demonstrate that LRG may be a valuable biomarker later in the syndrome of ventricular dysfunction when HF is present. We have defined a stepwise increase in LRG levels comparing patients with asymptomatic HHD, those with HF and preserved systolic function, and those with systolic dysfunction HF. The stimulus for LRG in these later phases of ventricular dysfunction is unclear, but it is reasonable to hypothesize that it could again be linked to the low-grade inflammation observed in this syndrome. Natriuretic peptides have some limitations in the diagnosis of HF, such as significant biological variability and dependence on noncardiac influences such as ␤-blocker use, body mass index, renal function, and age. Therefore, identification of other biomarkers and their use in isolation or with natriuretic peptides may provide a more accurate detection of subclinical disease and indeed prediction of progression, outcome, or response to treatment. Although there is a statistically significant increase in serum LRG levels across patient groups, it should be noted that the magnitude of the increase is subtle. Further work is required to evaluate the performance of LRG as a diagnostic and prognostic biomarker in DD and HF; however, the present data should encourage such work, given the comparable and independent diagnostic power of LRG versus BNP, the current guideline standard for biochemical diagnosis of HF. 27 Further work on possible posttranslational modifications of LRG may also increase the utility of this marker. The presence of LRG in 5 distinct spots on our 2D gels suggests the existence of multiple forms of LRG. This is supported by previous studies that have shown an increase in LRG fucosylation, mannosylation, and sialylation in pancreatic cancer. 24 Even though we show a clear association of LRG with HF, it is possible that identification of specific LRG glycosylation patterns may strengthen this observation. The ELISA used in this study potentially recognizes all forms of LRG; therefore, the signal may be diluted by the variants that are not differentially expressed. The development of an LRG variant-specific ELISA may greatly improve the diagnostic power of this marker.
In summary, these novel findings linking LRG with ventricular dysfunction and HF suggest that this protein may have value as a biomarker in this syndrome. In particular, given its expression early in the natural history of this syndrome, LRG may have a role in the identification of those at risk for progression of disease and possibly even provide an insight into the relevant pathophysiological signals at play.
Limitations
As an initial report of the potential role of LRG in ventricular dysfunction and HF, further work is required to clarify many issues not explored in the present study. While defining a differential expression of LRG in those at risk for ventricular dysfunction, the exact role of LRG in disease pathogenesis remains unclear. In addition, we believe that a prospective study in defined patient populations is required to evaluate the biological and analytic variability of LRG. Interestingly, this has previously been highlighted as a potential weakness of natriuretic peptides in certain cohorts. 28 Although we have only reported on one of the differentially expressed proteins identified during the 2D-DIGE screen, we are currently isolating additional protein spots to be identified using mass spectrometry. These, too, must be further investigated to determine their disease relevance and ability to perform as potential disease biomarkers. It is possible that a panel of differentially expressed serum proteins may be defined in serum of patients at risk for ventricular dysfunction that may be applied in combination with LRG. It is likely that a multimarker approach will have much greater disease specificity. We provide evidence of cardiac LRG production and expression that suggests the potential association with myocardial disease but does not confirm cardiac specificity. Although LRG is able to identify HF in this study, it must be acknowledged that LRG levels are also increased in other diseases. 25, 29 This is a limitation that may preclude the use of LRG in the general population as a single marker indicator of HF. Given the difficulties in predicting and diagnosing LVDD and DHF, we suggest that LRG may prove useful in a clinical setting as part of a multimarker approach in combination with routine clinical assessment.
